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(57) ABSTRACT

An autonomous tlight vehicle capable of both rotary wing
tlight and fixed wing tlight may include a pair of rotary wing
tlight thrusters used during rotary wing flight and a smaller
pair of hybrid tlight thrusters used during both rotary wing
flight and fixed wing flight. The larger rotary wing flight

thrusters are skewed at an angle to reduce an apparent torque
and improve the controllability of the autonomous flight

vehicle, while using smaller, and so more eflicient, thrusters
during fixed wing thght.
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AUTONOMOUS FLIGHT VEHICLE
CAPABLE OF FIXED WING FLIGHT AND
ROTARY WING FLIGHT

This application claims priority to commonly owned,
co-pending Canadian Patent Application No. 2,963,662,
filed Apr. 7, 2017, by SkyX Limited and entitled
“AUTONOMOUS FLIGHT VEHICLE CAPABLE OF

FIXED WING FLIGHT AND ROTARY WING FLIGHT”,
the disclosure of which 1s incorporated herein by reference
in its entirety.

TECHNICAL FIELD

The current disclosure relates to autonomous flight
vehicles and 1n particular to autonomous tlight vehicles that
are capable of fixed-wing flight, rotary wing flight, and
vertical takeofls and landings.

BACKGROUND

Autonomous tlight vehicles, which may also be referred
to as drones, are capable of tlying without direct control of
an operator, although direct control 1s possible. The autono-
mous flight vehicles may be flown to capture data, such as
images, ol an area.

Autonomous flight vehicles may be capable of fixed wing
flight using lift generating wings. Additionally, autonomous
flight vehicles may also be capable of rotary wing flight

using lift generating propellers or other rotating wing-like
structures. Autonomous flight vehicles may use the rotary
wing flight mode for takeotls, landings, and surveying tasks
and may ftransition to the fixed wing flight mode {for
increased range and endurance compared to the rotary wing
flight mode.

Autonomous flight vehicles may be powered by recharge-
able battery packs or by other power sources. Regardless of
the power source, improved efliciency of the autonomous
flight vehicle may provide an extended range and/or endur-
ance that may be beneficial for various applications.

SUMMARY

In accordance with the present disclosure there i1s pro-
vided a thght vehicle capable of rotary wing flight and fixed
wing fhght, the flight vehicle comprising: a fixed wing
structure configured to generate lift during fixed wing flight
of the flight vehicle; a pair of combined flight thrusters
mounted on opposites sides of a central portion of the fixed
wing structure and configured to generate thrust during both
fixed wing flight and rotary wing flight, rotational axes of
cach of the fixed wing flight thrusters lying within a first
plane; and a pair of rotary wing tlight thrusters, each of the
rotary wing flight thrusters skewed at an angle away from a
second plane perpendicular to the first plane, the pair of
rotary wing flight thrusters configured for providing thrust
during rotary wing fhght, the pair of rotary wing flight
thrusters capable of providing greater thrust than the pair of
combined tlight thrusters.

In a further embodiment of the flight vehicle, the fixed
wing structure 1s symmetrical about the central portion in the
shape of the acrodynamic surfaces and comprises: a central
body; a first wing connected to a first side of the central
body; and a second wing connected to a second side of the
central body.

In a further embodiment, the flight vehicle further com-
prises a rudder extending perpendicularly away from each
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side of the central body, wherein each of rotary wing flight
thrusters are mounted at respective ends of the rudder.

In a further embodiment of the flight vehicle, each of the
first wing, second wing and rudder are removably connected
to the central body.

In a further embodiment, the tlight vehicle further com-
prises support points located on the wing structure and the
rudder for supporting the flight vehicle for take-ofls and
landings.

In a further embodiment of the flight vehicle, each of the
pair of combined flight thrusters comprise respective motors
and propellers for generating the required thrust and each of
the pair of rotary wing tlight thrusters comprise respective
motors and propellers for generating the required thrust.

In a further embodiment of the flight vehicle, propellers of
the rotary wing flight thrusters motors are pivotally con-
nected to the respective motors to allow the propellers to
fold toward the motors during fixed wing flight.

In a further embodiment, the flight vehicle turther com-
prises flight control electronics for autonomously control-
ling flight of the flight vehicle.

In a further embodiment, the tlight vehicle further com-
prises one or more onboard sensors for capturing data during
fixed wing flight.

In a further embodiment of the flight vehicle, all of the
combined flight thrusters and rotary wing flight thrusters are
battery-powered.

In a further embodiment, the tlight vehicle further com-
prises: a rechargeable battery pack; and charging circuitry
for re-charging the rechargeable battery pack.

In a further embodiment of the flight vehicle, the charging
circuitry comprises an inductive charging coil.

In a further embodiment of the tlight vehicle, the mnduc-
tive charging coil 1s pivotally mounted to the fixed wing
structure to allow the charging coil to move between a
charging position parallel to a landing surface on which the
flight vehicle has landed, and an in-flight position located
within a portion of the fixed wing structure.

In a turther embodiment of the tlight vehicle, the mnduc-
tive charging coil 1s mounted to a hinged door portion of the
fixed wing structure.

BRIEF DESCRIPTION OF THE DRAWINGS

Features, aspects and advantages of the present disclosure
will become better understood with regard to the following
description and accompanying drawings 1n which:

FIG. 1 depicts a flight path of an autonomous flight
vehicle:

FIG. 2 depicts an 1sometric view of the autonomous flight
vehicle with vertical-tlight propellers extended for rotary
wing tlight;

FIG. 3 depicts a top view of the autonomous flight vehicle
with vertical-tflight propellers extended for rotary wing
tlight;

FIG. 4 depicts mounting details of a rotary wing flight
thruster;

FIG. § depicts a front view of the autonomous flight
vehicle with vertical-tlight propellers extended for rotary
wing tlight;

FIG. 6 depicts a side view of the autonomous flight
vehicle with rotary wing flight propellers extended for rotary
wing tlight;

FIG. 7 depicts a side view of the autonomous flight
vehicle with rotary wing tlight propellers collapsed for fixed
wing tlight;



US 10,710,714 B2

3

FIG. 8 depicts details of a pivotal inductive charging pad
in a closed position;

FIG. 9 depicts details of the pivotal inductive charging
pad 1n an opened position; and

FIG. 10 depicts an exploded view of a collapsible autono-
mous flight vehicle.

DETAILED DESCRIPTION

An autonomous tlight vehicle 1s described that can be
used for remote monitoring ol areas, such as pipelines or
other infrastructure. The autonomous tlight vehicle uses a set
ol thrusters, which may be provided by respective motors
and propellers, to provide required thrust for various flight
modes. The individual thrusters may be provided by various
combinations of different sized motors and propellers to
provide the required thrust. The set of thrusters includes a

pair of rotary wing flight thrusters that only operate 1n the
rotary wing flight mode. The set of thrusters further includes
a pair of combined flight thrusters that operate 1n both the
rotary ng flight mode and the fixed wing tlight mode. In
order to improve the ethiciency of the autonomous flight
vehicle 1n the fixed wing flight mode, the pair of combined
flight thrusters are sized to provide the required thrust
required for fixed wing ﬂight While the combined flight
thrusters will also operate 1n the rotary wing tlight mode, the
generated thrust 1s not sutlicient for the rotary wing flight
mode. The pair of rotary wing flight thrusters are sized to
provide the additional thrust required for rotary wing tlight.
The thrust required for rotary wing tlight will be more than
twice the thrust required for fixed wing tlight, and as such,
the rotary wing thrusters are sized to provide more than
twice the thrust of the combined flight thrusters.

Although the use of different sized thrusters may improve
the efliciency of the autonomous flight vehicle, and in
particular during the fixed wing tlight mode, 1t can result in
mismatched rotational torques between the rotary wing
tlight thrusters and the combined flight thrusters. The mis-
matching in rotational torques would result 1n an 1nability to
adjust the operation point, such as the RPM, for the thrusters
while maintaining torque equilibrium while 1n the rotary
wing flight mode, making controlled rotary wing tlight
difficult or impossible. In order to correct the mismatched
torques and achieve controlled rotary wing flight, the rotary
wing flight thrusters are mounted with a slight rotation 1n a
plane parallel to the plane the combined flight thrusters are
in. While the skewed mounting reduces the total thrust
provided by the pair of rotary flight thrusters along the
vertical vehicle axis, this enables total torque reduction of
the pair of thrusters along the same axis. The angle of
rotation or skewing of the thrusters 1s proportional to a
difference 1n the thrust-torque capabilities between the
rotary tlight thrusters and the combined flight thrusters as
well as the total vehicle weight. Proper determination of the
skewing angle, and mounting of the rotary wing flight
thrusters, results 1n an equilibrium point in rotary wing tlight
mode. The angular skewing of the thruster mounting also
accounts for the non-linear relationship between RPM and
the resulting force-torque from a motor/prop combination
for the different sized thrusters. Using diflerent sized thrust-
ers for the rotary wing flight thrusters and the combined
tlight thrusters allows the use of more eflicient thrusters for
the fixed wing flight mode and so the range and endurance

can be extended. The skewed mounting of the rotary wing
tlight thrusters allows diil

erent sized thrusters to be used for
the rotary wing flight thrusters and the combined flights
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thrusters while still providing a controllable autonomous
tlight vehicle capable of rotary wing tlight.

FIG. 1 depicts a flight path of an autonomous flight
vehicle. As depicted, the tlight vehicle 102 1s capable of a
vertical take-off 106 and landing 110 from the ground or a
grven horizontal surface 104. As described further below
with reference to FIGS. 1-9, the flight vehicle 102 comprises
a number of battery powered thrusters that all operate to
provide the required thrust during the vertical take-ofl 106
and landing 108 operation, as well as during other rotary
wing tlight such as hovering. The flight vehicle 102 transi-
tions to fixed wing flight 108 during which, only subset of
the thrusters, namely the smaller combined tlight thrusters,
are used to provide the required forward thrust. Before the
completion of the tlight, the tlight vehicle 102 transitions to
rotary wing tlight for a landing portion 110 of the flight.

As described above, the flight vehicle 102 may have a pair
of larger thrusters, which can be provided by motors and
props, that are only used during the takeoil and landing
stage, or when the flight vehicle 102 i1s operating in the
rotary wing ftlight mode. Although the tlight vehicle 102

comprises larger thrusters for generating lift during rotary
wing flight, they are not suflicient on their own to provide
the requu'ed amount for rotary wing thght, such as durmg
takeoil, landing and hovering. Accordingly, the pair of
smaller combined flight thrusters are also used to provide
additional lift during the rotary wing tlight mode. As such,
when the autonomous flight vehicle operates 1n the rotary
wing flight mode, both sets of thrusters are required. The
smaller combined tlight thrusters are capable of providing
suilicient thrust required for fixed wing flight without having,
to use the larger rotary wing thght thrusters. Accordingly,
during the fixed wing flight portion 108, the pair of larger
thrusters required for rotary wing flight are not used and as
such power can be conserved for the smaller combined
thrusters. Since the combined flight thrusters provide addi-
tional thrust to the larger rotary wing flight thrusters, the
combined flight thrusters can be optimized to provide the
perfonnance required for fixed wing flight. By optimizing
the size of the combined flight thrusters for fixed wing tlight,

the range and/or endurance of the autonomous ﬂlght vehicle
102 may be extended while operating 1n the fixed wing flight
portion 108.

The tlight vehicle 102 may include a range of possible
sensors for detecting or capturing information during a
flight. Although a large number of possible sensors may be
provided, as an example, the tlight vehicle 102 may com-
prise a camera for capturing an image of the ground,
depicted schematically by stippled cone 112. As the flight
vehicle 102 flies over a path 114, such as over a pipeline,
road, river or other structure or feature being monitored, the
sensors may continue to capture data. By extending the
range and/or endurance of the flight vehicle 102, it 1s
possible to capture a greater amount of data without having
to land the flight vehicle for recharging.

A tlight vehicle 200 1s described with particular reference
to FIGS. 2-9. The tlight vehicle 200 described below may be
used as the autonomous thght vehicle 102 described above.
The flight vehicle 200 comprises a fixed wing structure 202
that 1s aecrodynamically symmetric about its central portion.
The fixed wing structure 202 may comprise a pair of wing
sections 204a, 2045 that are connected to a central body 206.
Fixed wing structure 202 1s shaped to provide suflicient It
to the flight vehicle during fixed wing tlight. The particular
shape of the fixed wing structure 202, and 1n particular the
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wing sections 204q, 2045 may take a number of different
shapes well known with the field of wings and aerofoil
design.

The fixed wing structure 202 has a pair of combined tlight
thrusters, provided by motors 208a, 2085 and propellers
210a, 210b, that are sized to generate the forward thrust
required for fixed wing flight. The motors 208a, 2085 are
mounted to the fixed wing structure such that the respective
axes of rotation lie within a plane of the fixed wing structure
202. The required thrust for fixed wing tlight of the flight
vehicle 200 1s smaller than that required for rotary wing
tlight. As such, optimized selection of thrusters for fixed
wing tlight results 1n smaller thrusters. The selection of the
thrusters may be based on the required thrust, while account-
ing for safety margins, and varying operating needs and
conditions. The selection of the combined thrusters based
only on the fixed wing flight thrust requirements provides an

energy ellicient flight vehicle, which can extend the range
and/or endurance of the tlight vehicle 200. While the com-

bined thght motors 208a, 2085 and/propellers 210a, 21056
are sized to provide suthicient thrust for fixed wing flight,
they are also used to provide thrust during rotary wing flight;
however do not provide enough thrust on their own required
for vertical take-ofls, landings or rotary wing flight 1n
general. The larger rotary wing thrusters, comprising rotary
wing tlight motors 216a, 2165 and propellers 218a, 2185,
provide the additional thrust required for the rotary wing
tlight.

The tlight vehicle 200 may comprise a rudder 212 (see
FIG. 7) extending perpendicularly away from each side of a
central portion of the wing structure 202. The rudder com-
prises an upper arm 212qa that extends perpendicularly away
from a top side of the central portion of the fixed wing
structure 202 and a lower arm 2125 extending from a bottom
side of the fixed wing structure 202. The terms top side and
bottom side of the fixed wing structure 202 are relative to the
normal orientation of the flight vehicle 1n fixed wing tlight,
with the upper side being the skyward side of the fixed wing,
structure 202 and the bottom side being the groundward side
of the fixed wing structure 202. A mounting structure 214a,
2145 1s located at respective ends of the rudder 212. That 1s,
a mounting structure 214a 1s located at an end of the rudder
arm 212a away from the top side of the fixed structure 202,
and a mounting structure 2145 1s located at an end of the
rudder arm 2126 away from the bottom side of the fixed
wing structure 202. The mounting structures 214a, 2145H
provide mounting locations for the rotary wing tlight
thruster, comprising motors 216a, 2165 and propellers 218a,
218b. The rotary wing flight motors 216a, 2166 and pro-
pellers 218a, 2186 are sized to provide suilicient thrust,
when operated in co-operation with the fixed wing tlight
motors 208a, 2080 and propellers 210a, 21056, for rotary
wing flight allowing the flight vehicle 200 to perform
vertical takeofls, landings as well as hover. The thrust
required for rotary wing tlight 1s greater than the required
thrust for fixed wing flight and as such, the rotary wing tlight
motors/propellers are larger, or rather generate more thrust,
than the fixed wing tlight motors.

The thght vehicle described above may be referred to
generally as a tail-sitter as 1t appears to sit on 1ts tail section
during takeofl and landing. The flight vehicle 200 may
include support points or landing pads 220a, 2205 located on
the wing structure 202 as well as support points or landing,
pads 222a, 222b located on ends of the mounting structures
214a, 214b of the rudder on which the flight vehicle 200
rests. The tlight vehicle 200 1s capable of taking off and
landing vertically using the thrust generated by all of the
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motors and propellers operating together. In order to con-
serve power during fixed wing flight, and so extend the
range and/or endurance of the flight vehicle, the flight
vehicle may only use the combined flight motors during
fixed wing tlight.

As a result of the use of different sized motors and
propellers for rotary wing flight and fixed wing flight,
different amounts of torque will be generated from the
combined flight thrusters when compared to the torque
generated by the rotary wing tlight thrusters. This torque
imbalance makes control of the tlight vehicle during rotary
wing flight, and during transitions to fixed wing tlight,
difficult or impossible. Further, the torque and thrust gener-
ated are non-linearly dependent upon the RPM of the motors
with different coellicients. Unless accounted for, the torque
differences between the different sized thrusters may only be
in equilibrium for a fixed operating point, or RPM and as
such the flight vehicle cannot be reliably controlled.

In order to mitigate the torque imbalances resulting from
the diflerent sized motors and propellers, the tlight vehicle
200 skews the mounting of the larger rotary wing flight
thrusters, or more particularly the rotary wing flight motors
216a, 216b to reduce the apparent torque generated to be
equal to the torque generated by the smaller combined
thrusters. As depicted in detail in FIG. 4, the rotary wing
flight motors 216a are mounted within the mounting struc-
ture 214a such that the motor’s rotational axis 1s skewed, or
rotated away from a central plane that the rudder lies within,
which may be perpendicular to the plane of the fixed wing
structure 202, by an angle 224. The particular angle may be
calculated theoretically and then adjusted 1n practical imple-
mentations through trial and error. The theoretical skewing
angle a for the two rotary wing flight thrusters when used
with two combined tlight thrusters can be determined based
on the following assumptions and equations.

The motor angular offset 1s by skewing angle o to
overcome the lack of torque equilibrium tlexibility 1n the Z
axis when using two sets of different thrusters with one set
rotating clockwise and the other set rotating counter clock-
wise. In developing the equation for determining the skew-
ing angle, the following assumptions are made:

Motor 1 and 2 (1.e. combined flight motors) are a set

having the same props and rotates in CCW direction,

Motor 3 and 4 (1.e. rotary wing flight motors) are a set
having the same props and rotates in CW direction,

The distance of motor 3 and 4 to the center of mass 1s
equal (L, L),

The thrust forces T5(z), T,(z) and T;(y), T,(y) are pro-
jections of the thrust vector onto the z-axis and y-axis,
respectively, due to skewed angle installation of motor
at an angle a with respect to its axis,

The prop wash velocities downstream of thrusters 3 and

4 are V, and V , respectively, and aflect areas A, and A,

of the aerodynamic surface (rudder),

The lift curve slope of the aerodynamic surtaces 1s Cl_,
The forces F3(y) and F4(y) are side forces generated by
the aecrodynamic surfaces (1.e. the rudder) under the

influence of skewed flow from the thrusters 3 and 4,
The forces act a distance L,' and L' to the center of mass.

For simplicity, L,'==L, and L,=L_,

Torque 1 and 2 (Q1, Q2) are equal in direction and size,

Torque 3 and 4 (Q3, Q4) are equal in direction and size,

Torque 3 (4) 1s bigger than torque 1 (2) and their direc-
tions are opposite.

According to these assumptions:

1= 251, (1)
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| Z5]|= (|74, (2)
|Q1 =121, (3)
|O5[=112all, (4)
L3]I =1Ll (3)
V3] =[1V4ll; (6)
45| = 144, (7)
L3 1=, (8)
L4l =LAl

21 =T+15+15 cos a+T, cos a=W (10)

20, =91 |+Q5l-11@5llcos a-||O4llcos a+Ls||T|sin

|0 |I-|Q5]lcos a+L;||T;lsin a—F3L3=0 (12)

Where (for small angles 1.e. <=10 deg.):

F3=0.5pV;3°CA3=0.5pV3°C; 0A3==0.5pV3°C;_, sin

A5 (13)

|Qs]lcos a+sin a(0.5p V32CL¢43—HT3|DL3 =10, (14)

Substitute:

193]l = sing; (15)

(0.5pV3 CroAs — IT5]))Ls = cosf; (16)

103l
(0.50VECraAs — || T3] L3

tanf = (17

Then:

(18)

sinficosa + cosfBsina = || Q||

sinfe + ) = [[Q1]] (19)
a = arcsin||Qy]| — f (20)
o = arcsin||Q; || — arctan 195 D

(0.50V5CraAs — || T5|1) L3

The theoretical skewing angle, a, can be determined as
described above and used as an 1nitial mounting position for
the rotary wing flight thrusters. The theoretically determined
skewing angle may be adjusted by trial and error in order to
arrive at an appropriate value for the flight vehicle.

In addition to skewing the mounting of the rotary wing
flight motors, the mounting structures 214a, 2145 may also
mount the motors away from the rudder by a suilicient
distance to allow the propellers to fold when not in use. This
1s depicted 1n FIG. 7. As depicted, the mounting structures
214a, 2145 mount the motors 216a, 2165 far enough away
from the respective rudder arms 212a, 212 so as to allow the
propellers 218a, to fold without contacting the rudder arms.
In order to allow the propellers to fold as depicted, the
individual blades 218a-1, 218a-2 (see FIG. 4) may be
pivotally connected to a central portion 218a-3 that 1s
connected to the motor 216a. The propellers may fold
inward, during fixed wing flight since the thrust provided by
the propellers 1s only required during rotary wing tlight.
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Allowing the propellers to fold 1n reduces the drag and as
such improves the efliciency and range of the flight vehicle.
The flight vehicle 200 1s described as using battery
powered motors. In order to facilitate charging the tlight
vehicle 1n an autonomous fashion, the flight vehicle may
comprise an inductive charging coil. For tail sitter applica-
tions, there may be limited surfaces for locating the charging,
coil 1n a suitable position for charging. As depicted 1n FIGS.
8 and 9, a charging coil 236 may be pivotally mounted to the
fixed wing flight wing structure. The charging coil may be
mounted to a tray portion 234 of the wing structure 202 that
1s connected by respective hinges 232a, 2325. The hinged
tray allows the charging coil 236 to be stored within a cavity
238 of the wing structure 202 during flight, which provides
an acrodynamic profile, while rotating to a charging position
that 1s substantially horizontal, or parallel to a corresponding
charging coil located 1n landing platform for charging the
flight vehicle. As depicted in FIGS. 8 and 9, the hinged tray
232 can move between a charging position parallel to a
landing surface on which the autonomous tlight vehicle has
landed (depicted 1n FIG. 9), and an in-flight position located
within a portion of the forward-tlight wing structure (de-
picted 1n FIG. 8). Although described with reference to the
tlight vehicle 200 that includes a skewed mounting of the
vertical lift motors, the hinged charging coil tray may be
advantageously used with other tail sitter flight vehicles,
with or without differently sized motors and propellers.

FIG. 10 depicts an exploded view of a collapsible autono-
mous flight vehicle. The flight vehicle 1000 may be
assembled from the individual components and may be
substantially the same as the flight vehicle 200 when
assembled. As depicted, the wing sections 204a, 2045 of the
flight vehicle 200 may be assembled from a removable wing
section 204a-1, 204H-1 that are removal attached to wing
sections 204a-2, 2045-2 that are connected to the central
body 206. A connecting member 228a, 228 may be used to
strengthen the connection between the wing sections 204a-
1, 2045-1 and 204a-2, 2045-2. As depicted the connecting
members 228a, 2285 for connecting the wing sections
together may be provided by a rod or other similar structure
that can slide mto both sides of the wing connection. The
rudder 212 may also be detachable from the central body
206. In order to strengthen the rudder connection a connect-
ing member 230 may be used. The connecting member 230
may be received with 1n a correspondingly shaped cavity
226 1n the rudder 212. The connecting member 230 and
cavity may have a rectangular cross section in order to help
prevent twisting ol connection between the rudder 212 and
the central body 206. The wing sections 204a-1, 2045-1 and
the rudder may be detached in order to provide a more
compact configuration for transporting the flight vehicle
1000.

Although specific embodiments are described herein, 1t
will be appreciated that modifications may be made to the
embodiments without departing from the scope of the cur-
rent teachings. Accordingly, the scope of the appended
claims should not be limited by the specific embodiments set
forth, but should be given the broadest interpretation con-
sistent with the teachings of the description as a whole.

What 1s claimed 1s:

1. A flight vehicle capable of rotary wing tlight and fixed
wing tlight, the tlight vehicle comprising:

a fixed wing structure configured to generate lift during

fixed wing flight of the flight vehicle;

a pair of combined flight thrusters mounted on opposites

sides of a central portion of the fixed wing structure and
configured to generate thrust during both fixed wing




US 10,710,714 B2

9

tlight and rotary wing tlight, rotational axes of each of
the combined flight thrusters lying within a first plane;
and

a pair of rotary wing flight thrusters, each of the rotary

wing flight thrusters mounted at a fixed angle skewed
away Irom a second plane perpendicular to the first
plane and parallel to the rotational axis of at least one
of the combined flight thrusters, the pair of rotary wing
tlight thrusters configured for providing thrust during
rotary wing flight, the pair of rotary wing tlight thrust-
ers capable of providing greater thrust than the pair of
combined tlight thrusters.

2. The tlight vehicle of claim 1, wherein the fixed wing
structure 1s symmetrical about the central portion i the
shape of the aerodynamic surfaces and comprises:

a central body;

a first wing connected to a first side of the central body;

and

a second wing connected to a second side of the central

body.

3. The tlight vehicle of claim 2, further comprising a pair
of rudder arms each extending perpendicularly away from a
respective side of the central body with a respective one of
the rotary wing flight thrusters mounted at an end of the
rudder arm.

4. The tlight vehicle of claim 3, wherein each of the first
wing, second wing and rudder arms are removably con-
nected to the central body.

5. The ftlight vehicle of claim 3, further comprising
support points located on the wing structure and the rudder
arms for supporting the flight vehicle for take-ofls and
landings.

6. The tlight vehicle of claim 1, wherein each of the pair
of combined flight thrusters comprise respective motors and
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propellers for generating the required thrust and each of the
pair of rotary wing flight thrusters comprise respective
motors and propellers for generating the required thrust.

7. The flight vehicle of claim 6, wherein propellers of the
rotary wing tlight thrusters motors are pivotally connected to
the respective motors to allow the propellers to fold toward
the motors during fixed wing tlight.

8. The flight vehicle of claim 1, further comprising flight

control electronics for autonomously controlling tlight of the
flight vehicle.

9. The flight vehicle of claim 1, further comprising one or
more onboard sensors for capturing data during fixed wing

flight.

10. The flight vehicle of claim 1, wheremn all of the

combined flight thrusters and rotary wing flight thrusters are
battery-powered.

11. The tlight vehicle of claim 10, further comprising;:
a rechargeable battery pack; and

charging circuitry for re-charging the rechargeable battery
pack.

12. The tlight vehicle of claim 11, wherein the charging
circuitry comprises an inductive charging coil.

13. The tlight vehicle of claim 12, wherein the inductive
charging coil 1s pivotally mounted to the fixed wing structure
to allow the charging coil to move between a charging
position parallel to a landing surface on which the flight
vehicle has landed, and an in-tlight position located within
a portion of the fixed wing structure.

14. The tlight vehicle of claim 12, wherein the inductive
charging coil 1s mounted to a hinged door portion of the
fixed wing structure.
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